Liquid chromatography/atmospheric pressure chemical ionization-mass spectrometry (LC-APCI-MS) has been used for the determination of sulfonamides in meat. Five typical sulfonamides were selected as target compounds, and beef meat was selected as a matrix sample. As internal standards, sulfapyridine and isotope labeled sulfamethazine ( 13 C 6 -SMZ) were used. Compared to the results of recent reports, our result have shown improved precision to a RSD of 1.8% for the determination of sulfamethazine spiked with 75 ng/g level in meat.
Introduction
Sulfonamides were the first antibacterial drugs, and were first used in the treatment of humans in the early 1930's. 1 Since the advent of antibiotics, sulfonamide use in human therapy has become quite limited. 2 Now, sulfonamides are widely used as veterinary drugs for the treatment of infections and the promotion of growth of livestock and fish. [3] [4] [5] [6] These drugs are applied to animals or fish by various forms such as injections, additives in animal feed, and as water bathing agents for fish. For example, about 0.1 g of sulfamethazine is added per 1 kg of animal feed.
Sulfonamide residues in food are an important concern, due to the possibility of risk to human health, such as resistance development, and toxicity. 2, 6 Many countries, including Korea, have established allowed maximum residue limits (MRLs) of 100 ng/g for most sulfonamides in edible animal tissues, and 10 ng/mL in milk. [3] [4] [5] 7 In animal tissue, much of various interferences exist, but residues of sulfonamides are in very small amounts. This makes for an increasing need for analytical methods capable of rapidly and reliably assaying the presence of residual drugs in food. As a clean-up and enrichment method for sulfonamide residue in edible tissue, liquid-liquid extraction (LLE), [8] [9] [10] [11] solid phase extraction (SPE) -ion exchange, 2, 3, 6, 12 C 18, 2,4 aminopropyl silane, 2, 6 silica-, 5 and supercritical fluid extraction (SFE) 13 have been used. For the determination of sulfonamides in tissue, gas chromatography (GC), 14, 15 gas chromatography/mass spectrometry (GC-MS), [16] [17] [18] capillary electrophoresis (CE), 19 high performance liquid chromatography (HPLC), [8] [9] [10] [20] [21] [22] and liquid chromatography/mass spectrometry (LC-MS) [2] [3] [4] [5] [6] [7] 23, 24 have been used. GC and GC-MS need derivatization before analysis, but LC-MS has more advantages than GC, because it can offer selectivity, structural information and sensitivity without the derivatization of sulfonamides.
The present LC-MS methods for edible tissue focus on quantification or identification of samples containing sulfonamide residue under the MRL. In general, the precisions of assays are in the range of RSD 10%. [2] [3] [4] [5] [6] [7] 11, 23, 24 Even the results obtained by isotope dilution mass spectrometry (IDMS) showed similar precision. 5, 11, 25 Another study for sulfonamides in simple matrix (animal urine) by IDMS showed more reproducible results. 24 To obtain more reproducible results for a meat sample, a more sophisticate treatment and measurement of meat sample than urine was needed.
This study focused on obtaining more reproducible results than current results for the measurement sulfonamides in meat. SPE and liquid chromatography/atmospheric pressure chemical ionization-mass spectrometry (LC-APCI-MS) has been used in this study for the determination of sulfonamides in meat.
Experimental Section
Chemicals and Materials. The sulfonamide standards were purchased from Sigma (sulfamethazine, SMZ, S-5632; sulfadimethoxine, SDM, S-7007; sulfathiazole, STZ, S-9876; sulfadiazine, SDZ, S-8626; sulfamethizole, SMTZ, S-6256; St. Louis, MO, USA). Sulfapyridine was used as an internal standard (SP, S-6252, 99%, St. Louis, MO, USA). As an internal standard for IDMS, isotopic enriched sulfamethazine was used (-phenyl-13 C 6 , atomic purity 90%, CLM-3045, 13 Preparation of Fortified Sample, and Clean Up. As a sample matrix, beef meat was purchased from a market and preserved at -20 o C until use. For the preparation of sample, 10 g or 100 g of pre grind meat was weighed in 20 mL or 110 mL bottle, and spiked with five sulfonamides (about 100 mL (0.09 g) or 990 µL (0.79 g) of 10 µg/g mixture in acetonitrile), respectively. For a sample, a 10 g portion of prepared meat sample was used, and sulfapyridine (80 µL (0.06 g) of 24.5 µg/g solution in acetonitrile), and 13 C 6 -SMZ (70 µL (0.05 g) of 15 µg/g solution in acetonitrile), were spiked as internal standards.
The internal standard was filled in a 250 µL gas-tight syringe (ILS, GmbH, Mittelstrasse 37, D-98714, Stutzerbach, Germany), and the end of a needle was closed with a small septum. The entire syringe, including solution and septum, was weighed in a chemical valance (AT-201, Mettler-Toledo, GmbH, CH-8603 Schwerzenbach, Switzerland). The amount of internal standard added to the samples was calculated from the difference between the weight of the syringe before and after injecting the internal standard solution. For IDMS, the amount of 13 C 6 -SMZ spiked into the samples was determined such as to make the mass ratio of SMZ/ 13 C 6 -SMZ in the meat sample near 1 : 1.
The sample was cleaned-up by the procedures previously described. 26 The sample (10 g) was transferred into a mini container (12-37 mL) of a high-speed blender (MC1-12-37 mL, Waring Commercial, 283 Main St. New Hartford, CT 06057, USA), and blended with 20 mL of acetonitrile and 2 g of sodium phosphate for 2 min. The extract was filtered with suction through a 2.0 µm membrane filter (47 mm, Zefluo, Pall Gelman Lab) using glass filter holder (VWR Scientific, 1310 Goshen Pkwy. West Chester, PA 19380, USA), and the volume of the filtrate was reduced to 5 mL by reduced pressure rotary evaporation at 40 o C. Into the concentrated solution, 100 mL of pure water was added and passed through an SPE cartridge (Lichrolut EN, flow rate 3 mL/min) preconditioned with 15 mL of acetonitrile and water. The SPE cartridges, washed with 2 mL of pure water and enriched sulfonamides, were eluted using 20 mL of acetonitrile. Then the solvent was removed to dryness by rotary evaporation. The residue was reconstituted with 250 µL of HPLC eluent and filtered through a 0. Calculation. For the measurement of sulfonamides,
13
C 6 -SMZ, and sulfapyridine were used as internal standards for IDMS and internal standard (ISTD) method, respectively. For a one-point calibration, a similar concentration of the calibration mixture to the final sample solution was prepared. The amount of 13 C 6 -SMZ or sulfapyridine spiked into the sample was determined to make the peak area ratio of SMZ/ 13 C 6 -SMZ, or the concentration ratio of target sulfonamides/sulfapyridine in the meat sample, near to 1:1. The concentration of sulfonamides in the sample was calculated by the following equation.
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Results and Discussion
The LC-APCI-MS extracted ion chromatograms of the sample solution of blank meat and spiked meat separated on the LC-18-DB are shown in Figure 1 . For this experiment an acetonitrile : water : 0.1 M aqueous ammonium acetate solution (13 : 37 : 50, v/v) was used as an eluent. From the blank meat sample we found no interfering substances were present in the sample matrix and reagents.
The results of the quantification for five sulfonamides by the ISTD method, and the results of the quantification for SMZ by IDMS, for spiked meat samples, are shown in Table  1 and 2, respectively. We assessed the precision of the method for the five samples by using a three-repeated measurement of each sample.
For samples of A in Table 1 , five sulfonamides were fortified into 10 g of ground meat to prepare the sample, and 13 C 6 -SMZ and sulfapyridine were spiked immediately, then left at room temperature for 12 hours. For sample B, five sulfonamides were fortified into 100 g of ground meat. These samples were homogenized and left in the same environment as sample A. After 12 hours, 10 g portions of samples were weighed, and 13 C 6 -SMZ and sulfapyridine were spiked to each sample. Then, within one hour these samples were analyzed. The fortified level used in this study ( 75 ng/g) was lower than the allowed maximum residue limits (MRLs) of 100 ng/g in edible animal tissues.
The results of the quantification of sulfonamides by the ISTD (sulfapyridine) method are shown in Table 1 . The precision of instrument measurement from the three measurement of each sample was an RSD of 2.0-31% and the precisions of results for the five independent samples was an RSD of 3.8-12.3%. The measured concentrations showed about -33.8- 33.1% of a deviation from the prepared concentrations. The measured concentrations were variable. This may result from instability of the spray characteristics of the APCI probe. Also, this may result from the different properties (such as pKa value) of the internal standard (sulfapyridine) to the target sulfonamides. For SMZ, the variation of measured concentration was overcome by use of the isotope labeled internal standard ( 13 C 6 -SMZ). The results of the quantification for SMZ by IDMS are shown in Table 2 . For sample A, the reproducibility of the instrument measurement for the three replications was an RSD of 0-2.7%, and the reproducibility of the results for the five independent samples was an RSD of 1.8%. The measured concentrations of "sample A" showed a -3.5-6.6% deviation from the prepared concentrations. However for sample B the deviation from the prepared concentrations was -16.7~-18.8%. When comparing the measured concentrations of sample A to B, although the reproducibility of results was similar, the measured concentrations of sample B deviated more from the prepared concentration than sample A. This may result from insufficient equilibration between the matrix and 13 C 6 -SMZ. Balizs et al. used IDMS by liquid chromatography/thermospray-mass spectrometry (LC-TSP-MS) for the determination of sulfonamides in meat. 5 The precision of the LC-MS assay was a RSD of 2-27% at the concentrations of 80-100 µg/kg.
Fuh et al. used IDMS by liquid chromatography/electrospray-mass spectrometry (LC-ESI-MS) for the determination of sulfonamides in meat. 11 They spiked the isotope labeled internal standard to the extract of sample instead of spiking to the sample matrix. Although the concentrations of sulfonamides were higher than in our study, the precision of the LC-MS assay was a RSD of 1.3-9.7%. If they had spiked the internal standard to sample matrix the precision of the assay might have lowered. In our study, the internal standard was spiked to the sample matrix. After enough equilibration, samples were extracted with acetonitrile and cleaned up.
For the determination of sulfonamides in milk, van Rhijn et al. used a highly specific tandem mass spectrometry (LC-ESI-MS-MS) to reduce the influence of interference caused by simple cleanup procedures. 25 The precision of the LC-MS assay was a RSD of 2-17%, at the 50-150 µg/kg concentration levels. The unsatisfactory precision may have resulted from an ionization suppression caused by a matrix co-extractant and the poor precision of MS-MS. To improve precision, we used SPE for sample cleanup and LC-APCI-MS instead of LC-ESI-MS-MS.
As compared to the results of other reseachers, 5, 11, 25 our study has shown a more reproducible and reliable result. This may be the result of a more sophisticated treatment and measurement of weighing, spiking of internal standard, SPE clean up, separation, and detection (LC-APCI-MS).
26,27
Conclusions
Liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry (LC-APCI-MS) has been used in this study for the determination of sulfonamides in meat. Compared to the results of recent research, our result have shown the improved precision of a RSD of 1.8% for the determination of SMZ spiked with 75 ng/g level in meat. The combination of IDMS by LC-APCI-MS and SPE can be utilized for the accurate determination of sulfonamides from biological matrices. Further work is required for the application to real world samples, and on the employment of isotope labeled internal standards for all sulfonamides. C6-SMZ was added, and sample was cleaned up. Sample solutions were separated on a ODS2 column.
